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What are the quantum laws of electricity in mesoscopic
circuits? This very fundamental question has also direct
implications for the quantum engineering of nanoelectronic
devices. Indeed, when a quantum coherent conductor is in-
serted into a circuit, its transport properties are modified.
In particular, its conductance is reduced because of the cir-
cuit back-action. This phenomenon, called environmental
Coulomb blockade, results from the granularity of charge
transfers across the coherent conductor1. Although extens-
ively studied for a tunnel junction in a linear circuit2–5, it is
only fully understood for arbitrary short coherent conductors
in the limit of small circuit impedances and small conduct-
ance reduction6–8. Here, we investigate experimentally the
strong back-action regime, with a conductance reduction of
up to 90%. This is achieved by embedding a single quantum
channel of tunable transmission in an adjustable on-chip cir-
cuit of impedance comparable to the resistance quantum
RK = h/e2 at microwave frequencies. The experiment re-
veals important deviations from calculations performed in
the weak back-action framework6,7, and matches with re-
cent theoretical results9,10. From these measurements, we
propose a generalized expression for the conductance of an
arbitrary quantum channel embedded in a linear circuit.
The transport properties of a coherent conductor
depend on the surrounding circuit. First, electronic
quantum interferences blend the conductor with its vi-
cinity, resulting in a different coherent conductor (see e.g.
ref.11). In addition, the circuit back-action modifies the
full counting statistics of charge transfers across coherent
conductors9,10,12. This mechanism, which is our concern
here, results in violations of the classical impedance com-
position laws even for distinct circuit elements, separated
by more than the electronic phase coherence length. The
present experimental work investigates the strong circuit
back-action on the conductance of an arbitrary electronic
quantum channel.
The circuit back-action originates from the granular-
ity in the transfer of charges across a coherent conductor.
Due to Coulomb interactions, an excitation by these cur-
rent pulses of the circuit electromagnetic modes is pos-
sible, which impedes the charge transfers and therefore
reduces the conductance of the coherent conductor. This
environmental Coulomb blockade is best understood in
the limit of a tunnel junction embedded in a circuit of
very high series impedance, which is of particular im-
portance for single electron devices13. In this limit, each
time an electron tunnels across the junction, its charge
stays a very long time on the capacitor C inherent to
the junction’s geometry. Consequently, a charging en-
ergy e2/2C has to be paid. Since this energy is not avail-
able at low voltages and temperatures, the tunneling of
electrons is blocked and the tunnel junction’s conduct-
ance vanishes. One speaks of ‘static’ Coulomb block-
ade, because the circuit’s dynamical response can be ig-
nored. If now the circuit response time τ is short enough,
the charging energy becomes ill-defined, with an uncer-
tainty ∆E ≈ h/τ ≳ e2/2C. This ‘dynamical’ Coulomb
blockade regime corresponds to quantum fluctuations of
the charge on the capacitor that are comparable to the
electron charge e. It is therefore essential to consider
the circuit as a quantum object. For a resistor R in
series with the tunnel junction, the cross-over between
the static and the dynamical Coulomb blockade is at
R ≈ RK ≡ h/e2 ≃ 25.8 kΩ. Importantly, the conductance
can also be fully suppressed in the dynamical regime, at
sufficiently low energy.
The environmental Coulomb blockade was first stud-
ied on small, opaque tunnel junctions embedded in linear
circuits2–5. The studies were later extended to tunnel
junctions of larger conductance14 and size15, and to the
high frequency domain16. To go beyond tunnel junc-
tions, a major theoretical difficulty is that a general co-
herent conductor, with electronic channels of arbitrary
transmission probabilities, cannot be handled as a small
perturbation to the circuit. This difficulty was first over-
come in the limit of low-impedance linear circuits with a
small back-action. In this case, the striking prediction6,7
and observation8 are that the circuit back-action on the
conductance is directly proportional to the amplitude
of quantum shot noise in absence of the circuit. How-
ever, the even more important and challenging regime of
strong back-action remains mostly unexplored and un-
solved for arbitrary coherent conductors, despite import-
ant advances in that direction9,12,17–19 and a powerful
link established with the Luttinger physics of interacting
1D conductors10. The present experimental work invest-
igates this regime on a tunable quantum point contact
(QPC) embedded in an on-chip circuit of impedance com-
parable to RK , beyond reach of perturbative theoretical
treatments, resulting in relative reductions of the QPC
conductance of up to 90%.
The samples are constituted of three basic elements
(see Fig. 1a,b): (i) a tunable single electronic channel as
a test-bed for coherent conductors, (ii) an on-chip dissip-
ative environment and (iii) a switch to short-circuit the
dissipative environment.
(i) We emulate any single-channel short coherent con-
ductor with a tunable QPC formed by field effect in
a buried GaAs/Ga(Al)As two-dimensional electron gas
(2DEG), using a surface metallic split gate biased at
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Figure 1. Measured devices. a, SEM micrograph of the
R = 26 kΩ sample. The bottom left metal split gate (yellow)
is used to tune the studied QPC. The outer edge channel
shown as a red line is partially transmitted at the QPC. A
small ohmic contact labeled Ω (red) is used to connect the
2DEG (light blue) with the series chromium wires symbol-
ized by green resistors. The top left split gate (violet) realizes
a switch to short-circuit the on-chip impedance. b, Schematic
of the equivalent circuit, with C the parallel geometrical ca-
pacitance. c, Conductance GQPC of the bottom left QPC in
a versus the applied gate voltage VQPC , for a short-circuited
impedance.
VQPC (bottom split gate in Fig. 1a). A single-channel
short coherent conductor is characterized by the ‘in-
trinsic’ quantum channel transmission probability τ∞ ≡
RKG∞ ∈ [0,1], with G∞ the coherent conductor’s con-
ductance in the absence of circuit back-action. The single
step followed by a well-defined 1/RK plateau of the QPC
conductance GQPC(VQPC) (symbols in Fig. 1c) shows
that the studied QPC can be operated in the single-
channel regime, and that its transmission probability
can be varied continuously from 0 to 1. The canon-
ical QPC behavior is confirmed by fitting the measured
GQPC(VQPC) with the standard saddle-point model of a
QPC20 (continuous line in Fig. 1c). Note that it is im-
portant to break spin degeneracy in order to first study
a single electronic channel. Otherwise, the additional
channels would partly shunt the surrounding circuit14,21.
For this purpose, we applied a strong perpendicular mag-
netic field B=2.8 T corresponding to the integer quantum
Hall effect at filling factor 4. Consequently, the cur-
rent propagates at the edges along four copropagating
edge channels. The studied outer edge channel is shown
in Fig. 1a as a red line, with an arrow indicating the
propagation direction. The three other edge channels
(not shown) are always fully reflected at the QPC.
(ii) The second element is the QPC’s surrounding cir-
cuit, of large dissipative impedance Re[Z(ω)] ∼ RK up
to microwave frequencies ω ∼ kBT /h ∼ 1 GHz. This
is achieved with a nanofabricated on-chip environment
modeled by a linear RC circuit in Fig. 1b. The series
resistances R is 26 kΩ for the sample shown in Fig. 1a
and 13 kΩ for a second sample. It is realized by two par-
allel thin chromium wires of identical lengths L = 22 µm
(15 µm) for R = 26 kΩ (13 kΩ) deposited at the surface.
These chromium wires can be described as macroscopic
linear resistors (see Supplementary Information). The
parallel capacitance C in Fig. 1b corresponds to the shunt
capacitor to AC ground of the area delimited by the metal
split gates and the series chromium wires. To avoid a ca-
pacitive short-circuit of the series resistance at the relev-
ant microwave frequencies, this area must be minimized.
For this purpose, the buried 2DEG is connected to the
chromium resistors at the surface with a micron-scale Au-
GeNi ohmic contact (labeled Ω in Fig. 1a). This micron-
scale contact also plays the role of a floating electron
reservoir, which breaks the quantum coherence between
electrons emitted and arriving at the studied QPC.
(iii) The third element is a switch that allows us to
suppress the back-action of the environment by short-
circuiting it. This switch is controlled by the voltage
VSW applied to the top split gate in Fig. 1a. A second
voltage amplifier (top-left in Fig. 1a) is used to monitor
the switch’s conductance.
In the present experiment, the reduction δG of the
QPC conductance GQPC by the circuit back-action is ex-
tracted by three different methods: We measure GQPC
as a function of either the DC voltage V across the
QPC (Fig. 2, left panel), the temperature (Fig. 2, center
panel), or the gate voltage VSW controlling the switch
(Fig. 2, right panel). In the first two methods, tra-
ditionally used to investigate the Coulomb blockade,
δG ≡ GQPC (V = 0, T )−G∞ is obtained by assuming that
GQPC converges toward its ‘intrinsic’ conductance G∞
for eV or kBT much larger than h/RC and e2/2C. In
the third method, G∞ is obtained from the QPC conduct-
ance measured with a short-circuited environmental im-
pedance. This last, more direct method yields the back-
action signal without any particular assumption on its
energy dependence, and avoids possible sources of errors
related to the transmission energy dependence, sample
heating, or the QPC stability over long times.
Figure 2 illustrates the three methods for the same
sample of series resistance R = 26 kΩ, and with the
QPC set to similar low transmissions. In this near-tunnel
limit, the measured voltage and temperature dependence
of GQPC , shown as symbols in the left and center panels,
can be compared with the known predictions for tunnel
junctions1. The calculations plotted as continuous lines
were performed within the simplified RC model depic-
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Figure 2. Back-action signal versus prediction in the tunnel limit, for the R = 26 kΩ sample. Predictions (see text) are
shown as continuous lines and data as symbols. Left panel, differential conductance GQPC versus V at T = 25 mK with the
switch open. Center panel, GQPC versus temperature at V = 0 with the switch open. Right panel, GQPC versus switch gate
voltage VSW at V = 0 and T = 25 mK. The series resistance, R = 26 kΩ at VSW < −0.6 V, is short-circuited at VSW > −0.4 V.
ted in Fig. 1b. The temperature T was set to that of
the dilution fridge mixing chamber, R = 26 kΩ to the
measured value of the on-chip series resistance, and the
parallel geometrical capacitance C to the value C = 2 fF
obtained by finite element numerical simulations. The
only fit parameter is the transmission in absence of back-
action τ∞ = 0.18 (left panel) and 0.19 (center panel).
The right panel shows GQPC(V = 0, T = 25 mK) versus
the voltage VSW controlling the switch to short-circuit
the environment. The capacitive cross-talk between the
switch gates and the QPC gates was first calibrated for
each sample, then compensated for when sweeping VSW
(see Supplementary Information). For VSW < −0.6 V,
the conductance across the switch is zero, and the meas-
ured GQPC corresponds to the conductance reduced by
the environmental back-action. As VSW is increased,
the switch’s conductance increases in steps correspond-
ing to the successive edge channels transmission. The
environmental back-action is found to be suppressed by
fully transmitting the two outer edge channels across the
switch (see Supplementary Information); the correspond-
ing QPC conductance measured at VSW ∈ [−0.4,−0.3] V
is taken as G∞. We stress that the conductance reduc-
tions δG obtained from all three methods are consistent
with one another, and that we find a good agreement
between data and theoretical predictions in the tunnel
limit for a known surrounding circuit. This provides
strong support for our interpretation of δG in terms of
environmental back-action. We have now established the
experimental principle with a tunnel QPC, and demon-
strated the strong back-action regime with a conductance
reduction of 90%.
Next, we investigate the circuit back-action on an ar-
bitrary single-channel coherent conductor characterized
by its ‘intrinsic’ transmission probability τ∞. The left
panel of Fig. 3 shows as symbols, for both samples,
the measured relative reduction of the QPC conductance
δG/G∞ due to the circuit back-action when the switch
is open, as a function of τ∞. The right panel shows the
sweeps δG/G∞(VSW ) at τ∞ = {0.038,0.462,0.853,0.987}
R=26 kΩ T=25 mK T=100 mK
 T=16 mK, R=13 kΩ
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Figure 3. Environment back-action versus transmis-
sion probability. Left panel, Measured relative back-action
amplitude δG/G∞ (symbols) versus ‘intrinsic’ transmission
probability τ∞. The data with R = 26 kΩ are shown for
T = 25 mK (∎) and T = 100 mK (▲). Those with R = 13 kΩ
are shown for T = 18 mK (○). The dashed lines represent the(1−τ∞) behavior predicted in the limit of small environmental
impedances. Right panel, Sweeps δG/G∞(VSW ) measured at
τ∞ = {0.038,0.462,0.853,0.987}, respectively from bottom to
top, on the 26 kΩ sample for T = 25 mK.
for the R = 26 kΩ sample at 25 mK. First, we ob-
serve that ∣δG/G∞∣ is largest in the tunnel limit and
diminishes monotonously toward zero as τ∞ increases
toward full transmission. However, contrary to predic-
tions and observations in the limit of small environmental
impedances6–8, ∣δG/G∞∣ is not proportional to (1−τ∞) in
the full range τ∞ ∈ [0,1] (dashed lines), but markedly lar-
ger at intermediate τ∞. As seen by comparing the data at
T=25 mK and 100 mK for the R = 26 kΩ sample, when
the temperature increases, ∣δG/G∞∣ and the deviations
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Figure 4. Comparison between data and extended strong back-action predictions. a, δG/G∞ (same datasets as
Fig. 3) plotted as a function of the conductance GQPC(V = 0, T ) in presence of back-action. The straight continuous lines are
guides for the eyes. b, Normalized QPC differential conductance RKGQPC plotted in Log scale as a function of the QPC gate
voltage VQPC and the applied drain-source voltage VDS . The continuous lines correspond to different values of the ‘intrinsic’
transmission probability τ∞, from top to bottom {0.78,0.37,0.097,0.018}. Left panel, conductance measured with R = 26 kΩ;
right panel, calculations using Eq. 1 with τ∞(VQPC) set to the measured RKGQPC(VQPC , VDS = 100 µV).
to a (1 − τ∞) dependence decrease.
Remarkably, we observe that the back-action correc-
tion to the conductance δG/G∞ is instead proportional
to (1 − RKGQPC(V = 0, T )), for all series resistances
and temperatures. This is demonstrated, within experi-
mental uncertainties, in Fig. 4a by plotting δG/G∞ now
as a function of RKGQPC(V = 0, T ). This proportional-
ity can be written as δG/G∞ = (1−RKGQPC)EB , where
EB ≡ limG∞→0 δG/G∞ is the relative circuit back-action
for a small tunnel junction embedded in the same circuit.
Using the environmental Coulomb blockade framework
for tunnel junctions1, EB (Z,V,T ) can be calculated for
arbitrary circuit impedances Z, bias voltages V and tem-
peratures T . Consequently, solving the above equation
for GQPC allows us to propose a generalized expression
for the conductance of a single electronic channel of ar-
bitrary transmission embedded in a linear environment
of arbitrary impedance (see also Supplementary Inform-
ation):
GQPC(V,T ) = τ∞
RK
1 +EB (Z,V,T )
1 + τ∞EB (Z,V,T ) . (1)
We further tested the proposed equation 1 by com-
paring in Fig. 4b the measured (left panel) and cal-
culated (right panel) QPC conductance versus the ap-
plied bias voltage VDS and the gate voltage VQPC for
R = 26 kΩ. The calculations were performed with Eq. 1
using τ∞(VQPC) ≃ RKGQPC(VQPC , VDS = 100 µV).
We find a good agreement between data and theory for
τ∞ < 0.5, illustrating the validity of this formula even at
finite bias voltage. Note that for τ∞ ≳ 0.5, we find that
the measured dip in RKGQPC(VDS) is significantly nar-
rower than calculations. However, this deviation can be
accounted for by including the significant sample heating
by the DC current within a simplified model based on the
Wiedemann-Franz law (see Supplementary Information).
5Moreover, equation 1 agrees with a recent theoretical
prediction using a renormalization-group approach9 (see
Supplementary Information), and generalizes it to arbit-
rary impedances, beyond resistances small compared to
RK .
Equation 1 could be understood as a direct link
between the conductance reduction by the circuit back-
action and the quantum shot noise in presence of the
circuit. The bridge established for a purely resistive en-
vironment between Luttinger physics and environmental
Coulomb blockade suggests that δG/G∞ remains propor-
tional to the amplitude of quantum shot noise for arbit-
rary series impedances10. As pointed out in ref.10, the
quantum shot noise is now strongly modified by the en-
vironmental back-action. Although there is no fully de-
veloped theoretical framework, the experimental observa-
tion δG/G∞ = (1−RKGQPC)EB , from which Eq. 1 is de-
rived, would correspond to a quantum shot noise spectral
density of the current SI in presence of back-action that
verifies dSI/dV = 2eGQPC(1 −RKGQPC). Significantly,
the same expression is verified in absence of circuit back-
action22,23, but using the ‘intrinsic’ transmission probab-
ility τ∞ instead of the measured transmission probability
RKGQPC . These relations can be derived exactly in the
special case Z(ω) = RK (private comm. I. Safi).
To conclude, we explored the strong back-action of a
linear circuit on an arbitrary, single-channel, short coher-
ent conductor. The results suggest the generalized ex-
pression Eq. 1 for the environmental back-action, which
remains to be derived theoretically. This experiment
opens the path for further inquiries of the quantum laws
of electricity in nanocircuits. These include the investig-
ation of circuits with coherent conductors in which the
environmental back-action can coexist with other phe-
nomena such as the Kondo effect24, as well as the invest-
igation of the circuit back-action on the full statistics of
charge transfers across a coherent conductor9,10,12.
Methods
The measurements were performed in a dilution refri-
gerator down to T = 16 mK, on two samples tailored
in a typical 2DEG. The 2DEG of density 2.5 1015 m−2
and mobility 55 m2V−1s−1 is buried 94 nm deep in a
GaAs/Ga(Al)As heterojunction. The measured differen-
tial conductances were obtained by standard lock-in tech-
niques at frequencies below 100 Hz with custom-made
ultra-low noise electronics. In order to measure inde-
pendently the QPC conductance and the series resistance
R, and also to test the small ohmic contact, the end of
one of the chromium wires realizing R is connected at
room temperature to a high impedance voltage amplifier
(see Fig. 1a). Due to antenna effects, the impedance of
the line toward the amplifier is reduced at the relevant
microwave frequencies to about the vacuum impedance
377 Ω ≪ RK . This is symbolized in Fig. 1a by a capacitor
in parallel with the top-right amplifier. Further details
are given in the Supplementary Information.
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I. SUPPLEMENTARY INFORMATION ON
METHODS
A. Measured samples and experimental techniques
The samples are nanostructured by standard ebeam
lithography in a 94 nm deep GaAs/Ga(Al)As two-
dimensional electron gas (2DEG) of density 2.5 1015 m−2
and mobility 55 m2V−1s−1. The measurements were per-
formed in a dilution refrigerator with a base temperat-
ure of T = 16 mK. All measurement lines were filtered
by commercial pi-filters at the top of the cryostat. At
low temperature, the lines were carefully filtered and
thermalized by arranging them as 1 m long resistive twis-
ted pairs (300 Ω/m) inserted inside 260 µm inner dia-
meter CuNi tubes, which were tightly wrapped around
a copper plate that was screwed to the mixing cham-
ber. The sample was further protected from spurious
high energy photons by two shields, both at base tem-
perature. To avoid sample heating, the AC excitation
voltages across the sample were smaller than kBT /e.
The differential conductance measurements were per-
formed using standard lock-in techniques at frequencies
below 100 Hz. The sample was current biased by a
voltage source in series with a 10 MΩ or 100 MΩ po-
larization resistance at room temperature. The bias cur-
rent applied to the drain was converted on-chip into a
fixed VDS , independent of the QPC conductance, by tak-
ing advantage of the well defined quantum Hall resist-
ance to ground of the drain electrode (6.453 kΩ at filling
factor ν = 4). Similarly, the current across the switch
is obtained by converting the voltage measured with the
top left amplifier in article Figure 1 using the 6.453 kΩ
quantum Hall resistance. The conductances of the QPC,
switch and series chromium wires were obtained separ-
ately by three point measurements. For the R = 26 kΩ
sample, we used cold grounds directly connected to the
mixing chamber of the dilution refrigerator. For the
R = 13 kΩ sample, the ground is at room temperature
with a series measurement line resistance of 350 Ω.
Micrographs of the R = 13 kΩ sample are shown in
supplementary Figure 1. The larger small ohmic contact
in this sample explains the higher computed geometrical
capacitance C = 2.3 fF, instead of C = 2 fF for the R =
26 kΩ sample.
1 µm
VSW VQPC
B=2.8T
VDS
Figure 1: Sample micrographs for the R = 13 kΩ sample.
Bottom panel, optical view and schematic of the wiring. Top
panel, ebeam micrograph of the central part.
B. Supplementary data and discussion regarding
the switch operation
Supplementary Figure 2 shows the same QPC conduct-
ance as that displayed in the right panel of article Fig-
ure 2, together with the conductance GSW of the switch,
which was measured simultaneously.
As VSW increases above −0.57 V, the outer edge chan-
nel becomes fully transmitted through the switch and
GQPC simultaneously undergoes a large step up. In a
simple edge channels picture, one expects that the envir-
onmental back-action is now completely short-circuited.
Indeed, the outer edge channel, emitted by the small
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Figure 2: Switch operation. Top panel, QPC conductance
versus the switch voltage VSW for the R = 26 kΩ sample (same
data as in right panel of article Figure 2). Bottom panel,
conductance across the switch measured simultaneously.
ohmic contact and transmitting the environmental back-
action, is diverted from the studied QPC toward a
grounded ohmic contact. Surprisingly, we observe an-
other, smaller step up in the QPC conductance as a
second edge channel is transmitted through the switch at
VSW ∼ −0.4 V. This could be related to e2/2C ∼ 40 µeV
being non-negligible compared to the Zeeman splitting
EZ ≈ 70 µeV between the first two edge channels. For
VSW ∈ [−0.4,−0.3] V, the two outer edge channels are
fully transmitted across the switch and the QPC displays
a fixed conductance taken as G∞. Note that GQPC does
not increase significantly when the third edge channel be-
comes fully transmitted (data not shown), indicating the
circuit back-action on the outer edge channel is essen-
tially short-circuited when GSW = 2/RK .
To further demonstrate that the environmental back-
action is suppressed with the switch set to transmit
fully the two outer edge channels, we show in supple-
mentary Figure 3 the surface plots of the measured
GQPC(VDS , VQPC) for the R = 26 kΩ sample with the
two outer edge channel transmitted across the switch
(switch closed, left panel) and with the switch open (right
panel, same data as article Figure 4b). As expected if the
series impedance is fully short-circuited, there are no sig-
natures of environmental back-action in the drain-source
voltage dependence of GQPC when the switch is closed.
Importantly, it is necessary to correct for the capacit-
ive cross-talk between the top metal gate controlling the
switch and the studied QPC. This capacitive cross-talk is
compensated for by changing simultaneously the voltage
VQPC by an amount proportional to VSW . This coef-
ficient is adjusted to a fixed value 0.1 by assuring that
the QPC conductance does not change when sweeping
VSW along each plateau GSW = 0 (resistive environment)
and GSW = 2/RK (short-circuited environment), see sup-
plementary Figure 2. The value of this proportionality
coefficient is then fixed for all temperatures and G∞.
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Figure 3: Switching ON and OFF the voltage bias de-
pendence of GQPC . GQPC(VDS , VQPC) measured on the
R = 26 kΩ sample for the two outer edge channels fully trans-
mitted across the switch (switch closed, left panel) and for a
switch conductance set to zero (switch open, right panel).
The quality of the cross-talk correction can be checked
on the right panel of article Figure 3 from the flatness
of the GQPC(VSW ) plateaus with the switch fully open
(VSW < −0.6 V) and closed (VSW > −0.4 V).
C. Tests performed on the small ohmic contact
We have checked the quality of the electrical connec-
tion between the small ohmic contact and the buried 2D
electron gas.
The test was performed with both the conductance of
the studied QPC and the conductance of the switch in
the middle of the very large and robust G = 2/RK plat-
eau. Assuming that the two outer (inner) edge channels
are fully transmitted (reflected) across the studied QPC
and the switch, we find for both samples that the reflec-
tion of each of the two outer edge channels on the small
ohmic contact is smaller than 0.01. Thus, we consider
that the small ohmic contact is perfectly connected to
the 2D electron gas.
D. Tests performed on the on-chip chromium
resistors
The on-chip chromium resistors are described as linear
macroscopic resistors. We performed several checks to
validate this description.
First, this is justified if the phase coherence length Lφ
of electrons in the chromium wires is much smaller than
the wire length, L = 15 and 22 µm respectively for the
R = 13 kΩ and R = 26 kΩ samples. An upper bound for
the phase coherence length is obtained from the absence
of detectable universal conductance fluctuations, whose
rms amplitude δGrms remained smaller than 0.0003/RK
at T = 60 mK for the two wires in series of the R =
13 kΩ sample. The amplitude of universal conductance
fluctuations gives access to the phase coherence length
3through
Lφ = 3pi
8
L3
L2T
(RKδGrms)2, (1)
with LT = √Dh̵/kBT the thermal length and D the
diffusion coefficient. Injecting in this equation D ≈
10−4 m2s−1, obtained from the chromium density of states
at the Fermi energy ν ≈ 3×1047 J−1m−3, and from the wire
geometry and resistance, we find Lφ ≲ 200 nm. There-
fore, Lφ is at least two orders of magnitude smaller than
the wire lengths.
Second, the resistances of the chromium wires were
checked to be unaffected by the circuit back-action, in
contrast to a coherent diffusive conductor. This check
was done by monitoring the resistance of one chromium
wire while short-circuiting its surrounding circuit, here
made of the second chromium wire in parallel with the
two QPCs.
Last, we checked that the voltage and temperature de-
pendence of the chromium resistances remained small,
below 2% variations in the explored range.
E. Remark regarding the (absence of) effect of
interactions between co-propagating edge channels
It was shown recently that the co-propagating
quantum Hall edge channels interact strongly one with
another1. It is legitimate to wonder whether this effect
could play a role in the present investigation of the cir-
cuit back-action. We can argue it is not the case for three
main reasons:
First, in most cases we extract the effect of the circuit
back-action on the QPC conductance by short-circuiting
the circuit, without changing the quantum Hall physics.
This allows us to separate the circuit back-action from
possible interaction effects between edge channels.
Second, experimentally, we find little voltage depend-
ence on the QPC conductance when the short-circuit is
closed, as seen on Supplementary Figure 3. This shows
that if there is an effect of inter edge channel interactions
on the QPC conductance, it remains small compared to
the circuit back-action.
Third, theory predicts that even if two co-propagating
edge channels interact strongly, this would not result in a
voltage dependence of the conductance of a QPC2,3. This
was verified experimentally in the same sample where
strong inter edge channels interaction was evidenced1,4,5.
F. Toolkit for dynamical Coulomb blockade
calculations in the tunnel regime
Calculations of the conductance of a coherent con-
ductor in the tunnel limit (with very small transmission
probabilities for all the electronic quantum channels) in
presence of environmental back-action were made with
the efficient formulation of the dynamical Coulomb block-
ade theory for small tunnel junctions given in ref. 6. In
this section, we recapitulate the used expressions.
The differential conductance G ≡ dI/dV of a small
tunnel junction embedded in an electromagnetic envir-
onment of impedance Z(ω), at temperature T , and for a
voltage V across the junction reads:
G(V,T ) ≡ EB (Z,V,T ) + 1
RT
= 1
RT
⎡⎢⎢⎢⎢⎣1+2∫
+∞
0
pit(kBT
h̵
)2
× Im [eJ(t)] cos eV t
h̵
sinh−2 pitkBT
h̵
dt
⎤⎥⎥⎥⎥⎦, (2)
with RT ≡ 1/G∞ the tunnel resistance assumed to be
very large compared to the environmental impedance
Re[Z(ω)] ≪ RT .
For the simplified RC model of the electromagnetic
environment shown in article Figure 1b (Z(ω) = R/(1 +
iRCω)), J(t) reads:
J(t) = piR
RK
⎛⎝(1 − e−∣t∣/RC)(cot h̵2RCkBT − i)−2kBT ∣ t ∣h̵
+ 2 +∞∑
n=1
1 − e−ωn∣t∣
2pin [(RCωn)2 − 1]⎞⎠, (3)
with ωn = 2pinkBTh̵ the Matsubara’s frequencies n being
an integer and
2
+∞∑
n=1
1 − e−ωnt
2pin [(RCωn)2 − 1]= − 1
pi
[2γ +Ψ(−x) +Ψ(x) + 2 ln(1 − y)+
y
1 + x 2F1(1,1+x,2+x, y)+ y1 − x 2F1(1,1−x,2−x, y)],
(4)
where γ is here Euler’s constant, Ψ is the logarithmic
derivative of the Gamma function, 2F1 is the hy-
pergeometric function, y = exp(−2pitkBT
h̵
), and x =
ECRK/(2pi2RkBT ) with EC = e2/(2C), the charging en-
ergy.
II. SUPPLEMENTARY DISCUSSION
A. Supplementary discussion regarding the
theoretical predictions of Kindermann and Nazarov
Kindermann and Nazarov7 extended to large back-
action corrections the theoretical predictions for an ar-
bitrary short coherent conductor embedded in a purely
dissipative circuit characterized by a resistance R very
small compared to RK . In this section, we recall the
theoretical prediction of ref. 7 for the conductance of a
4single channel coherent conductor and compare it to the
experimental findings.
Kindermann and Nazarov predict that the transmis-
sion probability τ(E) of an electronic quantum channel
in series with a resistance R ≪ RK at zero temperature
varies with the energy E like:
dτ(E)
d ln(E) = 2RRK τ(E)(1 − τ(E)). (5)
In order to calculate the relative conductance reduction
this expression must be complemented by a high energy
cutoff, typically of the order of the charging energy EC .
Using a cutoff at precisely EC , supplementary Equation 5
can be integrated (see Eq. 13 in ref. 7):
τ(E) = τ∞ ( EEC )2R/RK
1 + τ∞ (( EEC )2R/RK − 1) . (6)
The above expression is equivalent to article Equation 1,
which expresses formally the experimental findings, with
the substitutions τ(E)/RK → GQPC(V,T ). Indeed( E
EC
)2R/RK corresponds, up to a prefactor of order 1,
to the function (EB(Z,V,T ) + 1) for the impedance Z
corresponding to the series resistance R and the parallel
capacitance C at zero temperature T = 0 (see ref. 8).
A more direct comparison with the data can be made
by recasting supplementary Equation 6 into:
τ(E)
τ∞ − 1 = (1 − τ(E)) × ⎛⎝( EEC )2R/RK − 1⎞⎠. (7)
With the above formulation, one immediately sees that
the predicted relative back-action amplitude (left-hand
side) is proportional to (1 − τ(E)) = (1 −RKGQPC), as
was observed experimentally.
B. Alternative formulation of manuscript
Equation 1
Equation 1 of the manuscript can be recast in an
expression that better emphasizes the scaling laws dis-
cussed by Kindermann and Nazarov in ref. 7 (private
comm. Y.V. Nazarov):
τ1/(1 − τ1)
τ2/(1 − τ2) = EB(Z1, V1, T1) + 1EB(Z2, V2, T2) + 1 , (8)
where τ1(2) ≡ RKGQPC(Z1(2), V1(2), T1(2)). This formu-
lation holds for a given electronic quantum channel and
any two sets of parameters {Z1, V1, T1} and {Z2, V2, T2}.
Remarkably, the two sets of parameters are here connec-
ted directly, without the intervention of the ‘intrinsic’
transmission τ∞, and also for different electromagnetic
environments Z1 and Z2.
C. Supplementary discussion on heating effect at
finite bias
This section deals with the deviations observed
between the data and the prediction of article Equa-
tion 1, at intermediate voltage bias for transmissions
τ∞ ≳ 0.5. The discrepancy data-calculation in the shape
of GQPC(VDS) is explained if we take into account heat-
ing effects as detailed in this section.
At low temperature phonons are inefficient to evacuate
from the electronic fluid the heat injected locally. Fur-
thermore, the presence of series resistors comparable to
the resistance of the QPC impedes the electronic heat
currents toward the cold reservoirs (drain, source, AC
ground). Consequently, there are no easy escape paths
for the injected Joule power. This results in an increase of
the electronic temperature that is not taken into account
in article Equation 1. In this section, we use a simplified
model to estimate the electronic temperature and com-
pare the calculations using this increased temperature to
both the data and the prediction without heating.
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Figure 4: Effect of heating at finite bias. Blue sym-
bols: measured RKGQPC for τ∞ = 0.77 on the R = 26 kΩ
sample, and plotted versus the applied ∣VDS ∣. These data are
extracted from article Figure 4b, with the two branches cor-
responding to positive and negative VDS . Black continuous
line: calculated GQPC = dIdV without taking into account heat-
ing effect, using R = 26 kΩ, C = 2fF and T = 25 mK. Red
dashed line: calculated GQPC including heating effects with
our simplified model (see text).
1. Description of the model
Our simplified model of heating relies on the
Wiedemann-Franz law. The main hypotheses to calcu-
late the environmental back-action including heating
are:
H1: We ignore heat dissipation outside the electronic
degrees of freedom. In particular, we ignore the dissipa-
5tion toward phonons.
H2: We calculate the electronic heat currents using
the Wiedemann Franz law with the average electrical
conductance Gavg = I/V in presence of the back-action.
H3: We use for the temperature of the electromagnetic
environment the calculated average electronic temperat-
ure in the chromium wires.
2. Temperature calculations
The hypothesis H1 implies that the Joule power in-
jected into the micron-scaled ohmic contact is evacuated
by the outgoing electronic heat currents across the QPC
(JQPC) and the series resistance (JR):
GavgV
2/2 + (VDS − V )2/(4R) = JQPC + JR. (9)
Note that the Joule powers V I and (VDS − V )I are
equally distributed on both sides of the considered con-
ductor, which explains a factor 1/2. Note also that the
resistance taken into account for the injected Joule power
is 2R since the end of only one of the two chromium wires
is connected to ground.
The hypothesis H2 gives the outgoing heat currents as
a function of the micron-scale ohmic contact temperature
TΩ and the mixing chamber temperature T :
JQPC = pi2
6h
k2B(T 2Ω − T 2)RKGavg, (10)
JR = pi2
6h
k2B(T 2Ω − T 2)RK/R. (11)
Solving this set of equations gives:
TΩ = ¿ÁÁÀT 2 + 3e2V 2DS
pi2k2B
RGavg(1 +RGavg)(1 + 2RGavg) . (12)
Similarly, the heat equation is solved along the chro-
mium resistors to compute the spatial average of the
chromium resistors’ temperature TR. The calculation
of GQPC(V ) is then performed with article Equation 1.
Note that the function EB(Z,V,T ) is now obtained us-
ing TΩ on one side of the QPC and T on the other side,
whereas the environment temperature is set to TR. Al-
though in such non-equilibrium situation the efficient for-
mulation of EB(Z,V,T ) recapitulated in the above sec-
tion ‘Toolkit for dynamical Coulomb blockade calcula-
tions in the tunnel regime’ does not work, the calculation
can be performed with the standard formulation8. Note
also that because the temperatures depend on Gavg, sev-
eral iterations must be performed to reach a stable solu-
tion.
The effect of heating, calculated within this simplified
model, on the environmental back-action is illustrated in
supplementary Figure 4 at τ∞ = 0.77, close to maximum
heating for a given VDS . The observed good agreement
with the data strongly suggests that in this range of con-
ductances and voltage bias the sample heating has to be
taken into account.
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